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(54) Method for improving the tuning of a radio receiver and a radio receiver 



(57) In order to tune a radio receiver (10) to an op- 
timal tuning frequency it is found the critical frequency 
closest to the current tuning frequency (60) at which the 
radio receiver loses the locking to the clock frequency 
of the received signal, and, if necessary (62), the tuning 
frequency is corrected away from the critical frequency 
found. The control block (13) of the radio receiver com- 
prises means for adjusting the tuning of the reception 
part (11) in response to the information (17) indicating 
whether the locking to the clock frequency is on. The 
search for the critical frequency may be performed in 
one or two stages and alternately on both sides of the 
current tuning frequency or first on one side and then 
on the other. 
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Description 

The invention relates in general to tV-a tuning of a 
radio receiver to a certain frequency and »n particular to 
automatic tuning in order to ensure the best possible ra- 
dio signal quality. 

Reception of a radio transmission suffers from spu- 
rious effects caused by the widening and shifting of the 
frequency band of the received signal, other radio trans- 
missions at the same and adjacent frequencies and oth- 
er electromagnetic radiation sources. In the receiver, the 
spurious effects are seen as noise and signal distortion. 
The problem is made more difficult by the fact that the 
spurious effects usually vary in time, especially in the 
case of mobile terminals. In addition to external spurious 
effects, also internal factors in the receiver, such as 
component aging, manufacturing tolerances, tempera- 
ture drift, intermodulatbn frequencies, etc. affect the 
need for frequency tuning. 

It is known a prior art method called automatic fre- 
quency control (AFC), where the receiver includes a var- 
iable mixing frequency oscillator, a measurement circuit 
for measuring the received signal power, and a feed- 
back loop which controls the oscillator so that mixing to 
the intermediate frequency is always performed using 
the mixing frequency that produces the highest received 
signal power. The disadvantage of this method is that 
the highest received signal power does not always cor- 
respond to the best signal quality e.g. in a situation 
where the receiver picks up an unwanted signal occur- 
ring at the same or nearly the same frequency as the 
desired signal. The tuned frequency is such that the at- 
tenuation of the intermediate frequency signal path is as 
low as possible. If the transmissbn curves of the filters 
are not symmetrical (the attenuation minimum at the 
middle of the pass band), the intermediate frequency will 
be detuned even if the receiver received nothing else 
than the desired signal. Tolerances of filters and their 
control circuits may cause considerable detuning so that 
the received signal becomes distorted and its quality de- 
teriorates. 

Another known method is to use a frequency syn- 
thesizer or an accurately tuned mixing oscillator which 
produces a mixing frequency that is a multiple of a fun- 
damental frequency produced by a stable crystal oscil- 
lator. As the mixing frequency remains accurately the 
same, the receive filter can be made very narrowband 
so that the influence of spurious effects propagating at 
other frequences is reduced. The disadvantage of this 
method is that if the transmitter or receiver or a factor 
reflecting the radio signal on the path moves, the fre- 
quency of the desired signal will not remain constant but, 
instead, will change, which means that it may drift out- 
side the narrow pass band of the filter. Furthermore, the 
tolerances of the filters and matching circuits may cause 
the signal path attenuation not be at its minimum at the 
nominal frequency. Then the signal-to-noise ratio will 
suffer, ie. the signal quality will get worse. The method 



2 

is also susceptible to changes in component character- 
istics that occur in the course of time. 

A prior art metho: called automatic gain control 
(AGC iAjr<ere a signal . rdng to a receiver is attenuated 

5 in the pre-stages of the cevice if the received signal level 
is too high. In the AGC, the tuning of the receiver is not 
changed. For a double superheterodyne receiver, which 
has two intermediate frequencies, it is also known to de- 
tune the first mixing frequency obtained from the local 

10 oscillator so that the first intermediate frequency signal 
becomes offset. The second mixing frequency from the 
local oscillator is also detuned, however in such a man- 
ner that the second intermediate frequency signal 
moves, with respect to the nominal frequency, to the di- 

15 rection opposite to that of the first intermediate frequen- 
cy signal. Then the effective bandwidth across the inter- 
mediate frequency stages becomes narrower. Narrow- 
ing and widening of the band may be based on the re- 
ceived signal level or on the signal-to-noise ratio. How- 

20 ever, adjustment of the bandwidth and noise detection 
require separate components that increase manufactur- 
ing costs. 

A method is known from the Finnish patent applica- 
tion Fl 962509, wherein a receiver decodes a digital sig- 

25 nal and measures the frequency of occurrence of bit er- 
rors in the signal. The receiver tunes the oscillator fre- 
quency used in the down-conversion such that the bit 
error ratio (BER) is as low as possible. However this 
method is relatively slow since the receiver examines 

30 several parallel frequencies and it has to demodulate 
and decode at each frequency a whole frame or other 
data structure so as to be able to determine, on the basis 
of the CRC (cyclic redundancy check) code or a corre- 
sponding part of said data structure, whether bit errors 

35 occurred in the signal on the transmission path. 

An object of this invention is to provide a method by 
means of which a receiver can automatically tune itself 
to the correct frequency in a quick and easily realizable 
manner. Another object of the invention is to provide a 

40 radio receiver which can apply the method according to 
the invention and which has no need for expensive spe- 
cial components. 

The objects of the invention are achieved by moni- 
toring how the receiver stays locked to the clock pulse 
45 of the received signal and by tuning the receiver to the 
middle of the frequency band where locking is success- 
ful. 

The method according to the invention is character- 
ized in that therein a current frequency is found by tuning 

50 the radio receiver in such a manner that the intermediate 
frequency is on the pass band of the receiver's IF filter, 
and the closest critical frequency at which the radio re- 
ceiver loses synchronization to the clock frequency of 
the received signal is also found out, and the tuning fre- 

55 quency is corrected on the basis of the difference of the 
critical frequency found and the current frequency. 

The invention is also directed to a radio receiver 
which realizes the method according to the invention. 
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The radio receiver according to the invention is charac- 
terized in that its control block comprises means for ad- 
justing the tuning of the reception part in response to the 
information indicating whether locking is on. 

Ordinary modern radio receivers, such as paging 
devices or the reception parts of mobile telephones, for 
example, almost invariably include a part like a phase- 
locked loop with which the device can in the decoding 
stage lock itself to the clock frequency of the received 
signal and which produces some indication about 
whether the locking is on. The more accurately the re- 
ceiver is tuned for the down-conversion and demodula- 
tion of the received signal, the more successfully the de- 
vice can perform the locking. In the method according 
to the invention, tuning is attempted at both sides of a 
certain tuning frequency until the closest frequency is 
found at which the locking is lost, and, if necessary, a 
new tuning location is selected such that it is away from 
the frequency found. The frequency at which the locking 
is lost can be called the critical frequency 

The term "clock frequency" must here be under- 
stood as having a broad meaning because it refers to 
all those substantially constant-frequency parts of the 
received signal on the basis of which the receiver can 
by a simple detection determine whether it is correctly 
synchronized to the received signal. 

The invention is described in more detail with refer- 
ence to the preferred embodiments presented by way 
of example and to the attached drawing, wherein 

Fig. 1 shows a block diagram of a radio receiver that 
can apply the method according to the inven- 
tion, 

Fig. 2 shows a simple state diagram of a first pre- 
ferred embodiment of the method according 
to the invention, 

Fig. 3 shows a flow chart of the first preferred em- 
bodiment of the method according to the in- 
vention, 

Fig. 4 shows a simple state diagram of a second 
preferred embodiment of the method accord- 
ing to the invention, 

Fig. 5 shows a flow chart of the second preferred 
embodiment of the method according to the 
invention, and 

Fig. 6 shows symbolically the method according to 
the invention in a case. 

Fig. 1 shows a radio receiver 10 which comprises, 
among other things, a reception, down -conversion and 
demodulation part 11 (which will be hereinafter called a 
reception part in short), a decoding part 1 2 and a receiv- 
er control block 13. A radio signal 14 arrives in the re- 
ception part 11, and a demodulated signal 15 is sent 
from the reception part to the decoding part 1 2. The de- 
coding part directs the decoded signal 1 6 to the control 
block 1 3 and also indicates whether it is locked to the 
clock frequency of the received signal. "Locking" means 



that the phase-locked loop 19 in the decoding part 12 
or other known synchronizing element indicates that the 
clock in the decoding part and the clock frequency signal 
in the received signal are synchronized. The indication 

5 about the locking or absence of locking is denoted by 
reference designator 17 in Fig. 1. Reference designator 
1 8 represents the commands issued by the control block 
1 3 to the reception part 1 1 in order to change the tuning 
frequency or frequencies. The command link between 

10 blocks 11 and 13 may also be bidirectional, so that the 
reception part 11 sends information to the control block 
13 regarding the frequency in use and other relevant 
matters. 

The method according to the invention can be ad- 

15 vantageously applied in selective call receivers and oth- 
er portable radio devices where, as is known, low power 
consumption is a very significant factor affecting practi- 
cability. So, it is desirable that the application of the 
method according to the invention to the radio apparatus 

20 according to Fig. 1 will not significantly increase the 
power consumption of the apparatus. Selective call re- 
ceivers and other portable radio devices are often char- 
acterized in that a particular device receives information 
only at times, so that during other times the device is in 

25 passive state where it uses the minimum amount of 
electric power. On the other hand, when the device is 
receiving information, its decoder must be continuously 
locked to the clock frequency of the received signal, so 
that during reception the tuning cannot be changed us- 

30 ing the method of finding the location where the syn- 
chronization is lost. In the preferred embodiment, the re- 
ceiver applying the invention makes the tuning correc- 
tion according to the invention immediately after it has 
stopped receiving the information coming to it. After the 

35 tuning correction the receiver can enter the passive 
state. 

Fig. 2 shows a state diagram of an advantageous 
embodiment of the method according to the invention, 
in which the tuning correction is divided into two succes- 

40 sive operation cycles. Operation starts at the location 
depicted by arrow 20, as the receiver finds a desired 
reception channel by means of a known procedure. The 
receiver is tuned to a certain "current tuning frequency" 
when the intermediate frequency, to which the signal is 

45 mixed in reception, is on the pass band of the receiver's 
IF filter. In state 21 the receiver is waiting for a suitable 
opportunity to start the tuning correction. Above it was 
stated that a suitable opportunity is the end of a partic- 
ular reception period, for example, whereby the receiver 

50 goes into state 22 representing the first operation cycle. 
Then comes a new wait period in state 23, and as the 
next suitable opportunity arises the receiver goes into 
state 24 representing the second operation cycle, 
whereafter the operation starts over from the beginning, 

55 state 21. 

Fig. 3 shows a flow chart for the operation cycles of 
Fig. 2, ie. operation in states 22 and 24. At the beginning 
of the first operation cycle, in step 30, the receiver stores 
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the current tuning frequency in memory and resets, ie. 
sets to 0, a certain STEP counter representing tuning 
steps. In the next step 31 , the receiver changes the tun- 
ing one step upward and increments the STEP counter 
value by one. Here it is assumed that the tuning ol the 
receiver is carried out in steps, and the size of a step 
can be a fixed or a dynamically changing parameter. 
However, the size ol a step is so small as compared to 
the reception frequency bandwidth in use that a tuning 
change of one or a few steps corresponds to finding the 
optimal tuning inside a frequency band and not to 
changing from a channel to another. In step 32 the re- 
ceiver examines whether the synchronizing element in 
the decoder stays locked to the clock frequency of the 
received signal after the tuning step. The receiver re- 
peats the loop formed by steps 31 and 32 until locking 
is lost. In an alternative embodiment, the STEP counter 
value can have an upper limit, so that the receiver goes 
from step 32 to step 33 when the upper limit is reached 
even if locking were not lost. In step 33 the receiver 
stores the STEP counter value that indicates how many 
tuning steps upward from the previous tuning frequency 
were needed until the locking was lost. In addition, the 
receiver restores the tuning to the frequency stored in 
step 30. 

The first operation cycle ends at step 33. At the be- 
ginning of the second operation cycle the receiver sets 
the STEP counter value to zero and stores the current 
tuning frequency in memory in step 34. The loop formed 
by steps 35 and 36 corresponds to steps 31 and 32 of 
the first operation cycle, however in such a manner that 
the receiver changes the tuning step by step down- 
wards, not upwards, when the receiver notices in step 
36 that the locking is lost, it goes to step 37 where it 
calculates the difference between the steps taken up- 
ward and downward before the locking was lost and se- 
lects a new tuning frequency which differs from the pre- 
vious tuning frequency by half of the difference calcu- 
lated. If, for example, it was taken seven steps up and 
five steps down before the locking was lost, the differ- 
ence is two, and the receiver corrects the tuning fre- 
quency by one step up. If the difference ol the steps up 
and down is an odd number, which does not yield an 
integer when halved, the receiver rounds off the result 
to the nearest integer. It is obvious that the up and down 
directions in the embodiment shown in Fig. 3 are mutu- 
ally exchangeable, so that the receiver takes tuning 
steps down in the first operation cycle, and up in the 
second operation cycle. 

In the embodiment described above, the receiver 
corrects the tuning Irequency only after every second 
active period. An embodiment is also possible that has 
no two separate operation cycles but the receiver car- 
ries out the whole series of operations needed for the 
tuning correction each time it has stopped receiving in- 
formation. Fig. 4 shows a state diagram for such an em- 
bodiment. Arrow 40 corresponds to arrow 20 in Fig. 2, 
so operation according to the state diagram starts when 



a certain channel is found. In state 41, the receiver is 
waiting for a suitable opportunity to start the tuning cor- 
rection and in state 42 it corrects the tuning in the man- 
ner according to the invention. A first possibility is to ex- 
5 amine according to the embodiment shown in Fig. 3, ie. 
first one direction (in Fig. 3, upward) until the locking is 
lost, and then the other direction. 

Fig. 5 shows an alternative embodiment of the 
method according to the state diagram shown in Fig. 4, 
10 wherein the receiver, in step 50, sets the STEP counter 
to zero, specifies the first direction (here, up), stores the 
current frequency in variable PF and stores the current 
tuning frequency in memory as variable TF. In step 51, 
the receiver increments the STEP counter value by one, 
is changes the sign of variable D representing the direction 
(absolute value of D is always 1 ), sets the value of var- 
iable PF to the current frequency and selects as a new 
frequency F a frequency that is a number of tuning steps 
away from the frequency indicated by variable PF, in the 
20 direction indicated by variable D, said number of tuning 
steps determined by the value of the STEP counter. In 
step 52, the receiver examines whether the locking is 
lost. As long as the locking is not lost, the receiver exe- 
cutes the loop formed of states 51 and 52. When the 
25 locking is lost, the receiver examines, using the sign of 
variable D, in step 53, which was the last stepping di- 
rection. Steps 54 and 55 are mutually exclusive alterna- 
tives: the receiver selects a newtuning frequency which 
is one step away from the previously stored previous 
30 tuning frequency, but the direction depends on where, 
ie. on which side of the previous frequency, the locking 
was lost. If the locking was lost above the previous tun- 
ing Irequency, the new tuning frequency is below the 
previous one. If the locking was lost below the previous 
35 tuning frequency, the newtuning frequency is above the 
previous one. 

The embodiment of the invention shown in Fig. 5 
can be described as follows: the receiver extends the 
frequency band examined one step at a time, alternately 
40 in both directions from the original tuning frequency, until 
it encounters the closest frequency at which the locking 
is lost. As above, this frequency can be called the critical 
frequency. Then the tuning frequency is corrected from 
the previous tuning frequency in the direction opposite 
45 to that of the critical frequency, ie. the frequency at which 
the locking was lost. The magnitude of the correction is 
advantageously one step, but it may also be greater. As- 
suming that the frequency band on which locking is pos- 
sible has always a certain minimum width and the limit 
50 that causes the locking to be lost is encountered only 
one or two steps away from the old tuning frequency, 
the receiver can assume that the necessary correction 
in the opposite direction could be more than just one 
step. 

ss Arrow 60 depicted by a thick broken line in Fig. 6 
represents the original tuning frequency and curve 61 
symbolizes the transmission of a certain IF filter as a 
function of frequency, showing that if the tuning ap- 
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proaches the edge of the transmission curve, the signal 
brought to the decoder is considerably weakened and 
the locking is lost. The horizontal arrows depict, from top 
down, the extending of the frequency band examined 
as follows: first the receiver examines the frequency 
which is one step above (here, to the right), then the 
frequency which is one step below the original tuning 
frequency and soon until the seventh step transition up- 
wards ends up so close to the transmission curve edge 
that the locking is lost. As a consequence, the receiver 
selects the frequency depicted by the thin arrow 62 as 
the new tuning frequency which is one step below the 
original tuning frequency 60. 

The method described in Figs. 5 and 6 shifts the 
frequency always by one step even if the original tuning 
frequency were right in the middle of the optimal range. 
To prevent this, a feature can be added in the method 
that restricts unnecessary tuning frequency changes. 
For example, if the locking is lost a distance away from 
the original tuning frequency, said distance being further 
than a certain threshold value, it can be deduced that 
the situation is almost optimal without any changes to 
the tuning frequency. In an embodiment of the invention, 
it is possible to examine, after the locking is lost on one 
side of the current frequency, how far away on the other 
side of the current frequency the locking will be lost. If 
a critical frequency is found at the same distance on both 
sides of the current frequency, the tuning need not be 
corrected. 

The embodiment, in which the tuning correction is 
carried out in accordance with Figs. 4, 5 and 6 every 
time the receiver starts to examine frequencies other 
than the current tuning frequency, is disadvantageous 
in that after each reception period the reception part and 
the decoder must be on for longer than in the embodi- 
ment according to Figs. 2 and 3. This is not advanta- 
geous from the power consumption standpoint. Howev- 
er, the embodiment according to Figs. 4, 5 and 6 reacts 
to changes in the radio channel faster than the other em- 
bodiment and, therefore, it is probably the more suitable 
one of these two embodiments for a receiver which is 
not stationary. The receiver can also during operation 
change from the method according tothe first alternative 
to the method according to the second alternative if it 
notices that changes are needed often and they are big. 
Similarly, the receiver can change from the second al- 
ternative tothe first if it notices that changes are needed 
seldom and they are small. 

The method according to the invention does not 
make great hardware requirements of a radio receiver. 
A phase-locked loop or other arrangement for locking 
into a clock pulse already exists in most devices in which 
the invention can be applied. The arrangement is also 
capable of indicating whether locking is on or not. Ac- 
cording to the invention, the tuning frequency of the ra- 
dio device must be changeable in small steps. Of 
course, an embodiment can be disclosed wherein the 
tuning frequency is changed steplessly, but then the tun- 



ing frequency change has to be measured using an ar- 
rangement other than the counting of tuning steps de- 
scribed above. In a modem radio device the tuning con- 
trol block is usually a microprocessor, so the method ac- 

s cording to the invention can be programmed into instruc- 
tions that the processor will carry out along with other 
control operations. The processor receives as input the 
information about locking or non-locking and outputs the 
necessary commands concerning the change of tuning. 

10 The method according to the invention corrects tun- 
ing changes caused by changes in the characteristics 
of components due to aging or temperature variation. It 
improves the operation of a receiver also in a situation 
in which there is another signal at a frequency near the 

15 frequency of the desired signal. The decoder will lose 
locking more easily on that side of the desired frequency 
where the competing signal is, so the method according 
to the invention corrects the tuning away from the inter- 
fering signal. 

20 

Claims 

1. A method for tuning a radio receiver (10) to an op- 
25 timal tuning frequency (62), characterized in that 

therein it is determined a current tuning frequency 
(60) by tuning the radio receiver in such a manner 
that the intermediate frequency is on the pass band 
of the receiver's intermediate frequency filter, and it 

30 is also determined the closest critical frequency at 
which the radio receiver loses the locking to the 
clock frequency of the received signal (14, 15), and 
the tuning frequency is corrected according to the 
difference of the critical frequency found and the 

35 current frequency. 

2. The method of claim 1 , characterized in that there- 
in the radio receiver is tuned by changing the mixing 
frequency used in the down -conversion (11) of the 

40 radio signal. 

3. The method of claim 1 , characterized in that when 
the critical frequency is found, the tuning frequency 
is corrected from the current frequency in a direction 

45 other than where said critical frequency is located. 

4. The method of claim 3, characterized in that it com- 
prises stages, wherein 

50 - the tuning is changed (31 ) from the current tun- 
ing frequency in a first direction until the radio 
receiver loses (32) the locking to the clock fre- 
quency of the received signal, and the magni- 
tude of the required first tuning change is meas- 

55 ured (33), 

the tuning is changed (35) from the current tun- 
ing frequency in a second direction until the ra- 
dio receiver loses (36) the locking to the clock 
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frequency of the received signal, and the mag- 
nitude of the required second tuning change is 
measured (37), 

the direction in which the measured magnitude 
of the tuning change is greater is selected as 
the direction of tuning correction, and 
the tuning is corrected from the current tuning 
frequency in the selected direction by an 
amount which is It of the absolute value ot the 
difference of the first and the second tuning 
change. 

5. The method of claim 4, characterized in that the 
change and correction ol tuning are carried out in 
steps of predetermined magnitude. 

6. The method of claim 3, characterized in that it com- 
prises stages, wherein 

it is started (50) from the current tuning frequen- 
cy, 

the tuning frequency area examined is extend- 
ed from the current tuning Irequency by a pre- 
determined first step alternately in both direc- 
tions (51 ) until it is found (52) a critical frequen- 
cy at which the radio receiver loses the locking 
to the clock frequency of the received signal, 
a direction is chosen (53) for the tuning correc- 
tion which is in the opposite direction from the 
current tuning frequency than the critical fre- 
quency found, and 

the tuning is corrected (54, 55) by a predeter- 
mined second step in the direction chosen. 

7. The method of claim 6, characterized in that said 
second step is equal to said first step. 

8. The method of claim 1 , characterized in that the 
search for the critical frequency is carried out in the 
radio receiver immediately after the radio receiver 
has stopped receiving information coming to it. 

9. The method of claim 1 , characterized in that if the 
difference of the critical frequency found and the 
current tuning frequency is greater than a certain 
threshold value, the tuning will not be corrected. 

10. A radio receiver (10) comprising a reception part 
(11) with adjustable tuning, a control block (1 3), and 
a decoding part (12) connected to these, said de- 
coding part further comprising means (19) for lock- 
ing to a clock frequency in a received signal and 
means for sending information (17) to the control 
block about whether the locking is on, character- 
ized in that the control block (1 3) comprises means 
for adjusting (18) the tuning of the reception part in 
response to the information indicating whether the 
locking is on. 



11. The radio receiver of claim 10, characterized in 
that said means for locking to a clock frequency in 
the received signal comprises a phase-locked loop 
(19). 

5 

12. The radio receiver of claim 10, characterized in 
that it is a selective call receiver. 
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